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A lectin secreted from Andrias davidianus skin (ADL) was purified by affinity chromatography on porcine stomach 
mucin (type III) (PSM)-crosslinked albumin, followed by gel filtration on Sephadex G-100 and HPLC on TSK gel 
G3000 PW X l. The purified lectin was found to be a dimeric protein, as revealed by SDS-PAGE and MALDI-TOF 
analysis. SDS-PAGE showed that the ADL protein had a molecular mass of 17 kDa. ADL produced an 8.5 kDa 
band when examined using SDS-PAGE under reducing conditions. ADL agglutinated native and trypsinized 
human B erythrocytes. The hemagglutination activity was inhibited by glycoproteins, such as PSM and asialo- 
PSM, but not by any of the monosaccharides tested. The activity was stable between 4 °C and 50 °C. Significant 
ADL activity was observed between pH 4-5. The lectin reaction did not depend on the presence of the divalent 
cation Ca 2+ or Mg 2+ . The N-terminal ADL sequence was determined to be VGYTVGATPM. The lectin exhibited 
antibacterial activity, involving growth and respiration inhibition in Escherichia coli, Enterobacter aerogenes, 
Staphylococcus aureus, Bacillus subtilis and Shewanella sp. Furthermore, ADL showed inhibition activity against 
the yeast Saccharomyces cerevisiae. These findings suggest that ADL plays an important role in the innate immunity 
of A davidianus on the body surface. 

© 2014 Elsevier Inc. All rights reserved. 


1. Introduction 

The giant salamander, Andrias davidianus, is a rare amphibian in 
China. It lives in clear water in mountain rivulets without environmen¬ 
tal pollution (Lan et al., 1990). Since the 1980s, artificial A davidianus 
cultures have been developing in many provinces of China (Jiang 
et al., 2011 ). Many A. davidianus farms have been established and devel¬ 
oped in artificial streams. In recent years, with the rapid growth of 
A. davidianus aquaculture, A. davidianus diseases have been reported fre¬ 
quently, and these diseases do serious damage to the cultures. To ad¬ 
dress this issue, numerous studies have focused on A. davidianus skin. 

Amphibian skin is a defense organ that fulfills the functions of anti¬ 
microbial defense, anti-infection and anti-oxidation (Clarke, 1997; Li 
et al., 2007; Yang et al., 2009). The skin gland secretion of A. davidianus 
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is a source of defense molecules with biological activities. In particular, 
numerous antimicrobial peptides, phospholipase A 2 and proteolytic 
enzymes are secreted from A. davidianus skin (Wang et al., 2011; Guo 
et al., 2012). Recently, the skin secretions of A. davidianus have been in¬ 
vestigated in our laboratory, and glycopeptides have been prepared and 
characterized (Jin et al., 2011; Feng et al., 2012). However, A. davidianus 
skin components have not been well studied. 

Lectins are widely distributed among plants, bacteria and animals, 
including amphibians. Lectins are one of the important pattern- 
recognition proteins that have been described as playing a role in pro¬ 
cesses as diverse as self-defense, parasitism and symbiosis (Jing et al., 
2011 ). They can bind or immobilize microorganisms through agglutina¬ 
tion or limit pathogen infection (Holmskov et al., 2003). Unfortunately, 
there are limited data and literature concerning lectins from amphibian 
skin secretions compared to that concerning their other organs. For 
instance, an egg lectin (13.5 kDa) from Ranajaponica was isolated 
by gel filtration and successive ion-exchange chromatography on 
diethylaminoethyl cellulose and carboxymethylcellulose columns 
(Sakakibara et al., 1979). A p>-galactoside binding lectin (30 kDa) 
from Bufo arenarum oocytes was isolated by salt extraction and affin¬ 
ity chromatography, and it was partially characterized with data on 
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its amino acid content and physico-chemical characteristics (Fink de 
Cabutti et al, 1987). A p>-galactoside-binding lectin was isolated and 
characterized from Rana catesbeiana frog eggs (Ozeki et al., 1991). 
Two p-galactoside-binding lectins (50 and 56 kDa) from the 
B. arenarum skin were isolated and characterized; they showed 
strong bacteriostatic activity against Gram-negative bacteria 
(Escherichia coli K124100 and wild strains of E. coli and Proteus 
morganii ) and Gram-positive bacteria (Enterococcus faecalis) (Riera 
et al., 2003). Odorranalectin, a small peptide lectin that recognizes 
L-fucose, was purified and characterized from Odorrana grahami 
frog skin secretions. This lectin is composed of only 17 amino acid 
residues (YASPKCFRYPNGVLACT) and contains a single disulfide 
bridge (Li et al., 2008). Although lectins are found in various organs, 
the search for new lectins from amphibian skin secretions remains a 
problem. Studying the properties and functions of lectins from 
A. davidianus skin secretions is a promising endeavor for understand¬ 
ing innate immune defense and for curing related diseases. 

In this report, we describe the purification, characterization, carbohy¬ 
drate specificity and antibacterial activity of a new Ca 2+ -independent 
mucin-binding lectin from the giant salamander A davidianus. 

2 . Materials and methods 

2.1. Materials 

Monosaccharides were obtained from Merck (Darmstadt, Germany). 
PSM, porcine stomach mucin (type III), albumin (egg white), thyroglobu- 
lin and trypsin were purchased from Sigma Chemical (USA). Fluman 
erythrocytes were obtained as outdate red cell concentrates from the 
Center of Blood Utilization (Dalian). Sephadex G-100 was obtained from 
Pharmacia Fine Chemicals (Uppsala, Sweden). The TSK gel G3000 PW X l 
column was purchased from TOSOH (Japan). The standard proteins 
used for apparent molecular mass estimation by SDS-PAGE and HPLC 
were purchased from Beijing Solarbio Science and Technology Company 
(Beijing, China). 

Gram-positive bacterial strains ( Bacillus subtilis ATCC 6633, 
Staphylococcus aureus ATCC 25923) and Gram-negative bacterial 
strains (E coli ATCC 35218, Clostridium perfringens ATCC 13124 and 
Shewanella sp.) were used. All strains were kindly provided by the 
Liaoning Entry-Exit Inspection and Quarantine Bureau. The yeast 
Saccharomyces cerevisiae was obtained from a commercial store 
(Angel Yeast Co., Ltd., China). The affinity sorbent for crosslinking al¬ 
bumin with PSM was prepared according to the method described 
previously (Kowal and Parsons, 1980; Belogortseva et al., 1994). 

2.2. A davidianus skin secretion collection 

Five 4-year-old, sexually mature giant salamanders (A. davidianus) 
were obtained from Zhangjiajie Jinchi Giant Salamander Biological 
Technology Company Ltd. (Zhangjiajie city, Hunan province of China). 
Their use in this research was approved by the Aquatic Wild Animal 
Researching License of Hunan province (2011-021). Both male and fe¬ 
male (n = 5,2 males, 3 females) animals (2-3 kg in mass) were selected 
randomly for skin secretions. Animals were washed with distilled water 
to remove contaminants from their skin. Then, the surface was stimulat¬ 
ed by pulse durations of 1-2 min with a maximum stimulus strength of 
20 V (Tyler et al., 1992). A milky skin secretion was collected and centri¬ 
fuged at 1200 g for 20 min. The supernatant was lyophilized to yield a 
powder. The powder was stored at 4 °C. 

2.3. ADL isolation and purification 

100 mg of the powdered sample was suspended in 2 mL of 0.01 M 
Tris-HCl buffer (TB), pH 7.4, and then centrifuged at 1200 g for 
20 min. The clear supernatant was applied to a PSM-crosslinked albu¬ 
min column (3x11 cm), which was previously equilibrated and eluted 


with TB. After the elution of unbound proteins in TB, adsorbed proteins 
were eluted with 1.5 M NaCl in TB. The protein concentration and hem¬ 
agglutination titer of each fraction were measured. Fractions containing 
hemagglutination activity were pooled and further purified by gel filtra¬ 
tion on Sephadex G-100 (2.5 x 96 cm) equilibrated with 0.1 M TB, 
pH 7.4, containing 0.15 M NaCl (TBS). The column was eluted with the 
same buffer at 10 mL/h, and fractions showing hemagglutination activ¬ 
ity were dialyzed against water and lyophilized to yield a powder 
(6 mg). 50 pg of the purified sample was suspended in 20 pL of 
0.01 M TB, pH 7.4, and then centrifuged at 8000 rpm for 20 min. The 
clear supernatant was additionally purified by high performance liquid 
chromatography (HPLC) on a G3000 PW X l column (7.8 mm x 30 cm). 
The column was washed with TB. 

2.4. Molecular mass measurement of the purified ADL and its subunits 

The molecular mass of the purified ADL subunit was measured by 
SDS-PAGE using a 15% polyacrylamide separation gel and a 4% poly¬ 
acrylamide stacking gel (Laemmli, 1970). The ADL molecular mass 
was determined by SDS-PAGE in the presence and absence of dithio- 
threitol. ADL reduction was performed by heating at 100 °C for 5 min 
in sample buffer containing 2% SDS and 2.5% dithiothreitol. Gels were 
calibrated using the following standard proteins: phosphorylase B 
(94,000), BSA (67,000), ovalbumin (45,000), carbonic anhydrase 
(30,000), trypsin inhibitor (20,100) and alpha-lactalbumin (14,400). 
Proteins were stained with Coomassie brilliant blue. 

The molecular mass of the purified native lectin was measured by 
passing it through a G4000PW XL column (7.8 mm x 30 cm) in 0.01 M 
TBS, pH 7.4. The standard proteins used were rabbit muscle phosphory¬ 
lase B (97,000), albumin bovine V (68,000), albumin egg (45,000) and 
trypsin (23,300). 

The molecular masses were further investigated by MALDI-TOF 
mass spectrometry. The measurements were performed on a 4800 
Proteomics Analyzer time-of-flight mass spectrometer (Applied 
Biosystems, USA) at the Institute of Biochemistry and Cell Biology, 
Shanghai Institutes for Biological Sciences, Chinese Academy of 
Sciences. 

2.5. Hemagglutination assay 

To assay the hemagglutination activity, ADL was serially diluted 2- 
fold with 0.01 M TBS (25 juL) into microtiter U-plates. To each well, an 
equal volume of 2% human B type erythrocyte suspension was added, 
and the mixture was agitated. The hemagglutination was visually eval¬ 
uated after 30 min (Belogortseva et al., 1998b). 

For the hemagglutination inhibition assay, aqueous solutions of var¬ 
ious substances were serially diluted 2-fold with TBS. ADL (25 pL, 4 
doses of agglutinated material) and a 2% erythrocyte suspension 
(25 pL) were added to each sample (25 pL) successively. The obtained 
mixture was gently stirred by pipette and incubated for 1 h. The mini¬ 
mal concentration of each substance required for complete inhibition 
was determined. 

2.6. Effect of divalent cations and pH 

ADL was dialyzed for 24 h against 0.1 M TBS, pH 7.4, containing 
50 mM EDTANa 2 or 50 mM CaCl 2 . Human B type erythrocytes were 
used as indicator cells. 

The ADL pH dependence was determined by preincubating the sam¬ 
ples with different pH buffers for 1 h at 25 °C as follows: 0.02 M sodium 
acetate/acetic acid, pH 3-5; 0.02 M sodium phosphate/HCl, pH 6-7; 
0.02 M Tris/HCl, pH 8-8.5; and 0.02 M glycine/NaOH, pH 9-10. The 
samples were subsequently dialyzed against 0.1 M PBS, pH 7.8, and 
the agglutination activity was assessed using B type erythrocytes 
(Belogortseva et al., 1998b). 
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2.7. Amino acid analysis 

Purified ADL (1.0 mg mL -1 ) was hydrolyzed under argon in a sealed 
tube with 6 M HC1 at 100 °C for 24 h. The ADL amino acid composition 
was determined with a Hitachi 835 amino acid analysis system. 

2.8. Protein and carbohydrate contents, amino acid sequence analysis 

The ADL protein content was determined according to the Lowry 
method (Lowry et al M 1951) using crystalline bovine serum albumin 
as the standard protein. The sugar content was estimated by the 
phenol-sulfuric acid method using D-glucose as the standard (Dubois 
et al., 1956). 

The N-terminal amino acid sequence was determined using a PPSQ- 
33A protein sequencer-N (Shimadzu, Japan) at the Institute of Biochem¬ 
istry and Cell Biology, Shanghai Institutes for Biological Sciences, Chi¬ 
nese Academy of Sciences. 

2.9. Antibacterial assay 

The ADL antibacterial activity was determined using B. subtilis, 
S. aureus, E. coli, C. perfringens and Shewanella sp. cultures by the agar 
disc diffusion method. The test was performed in sterile Petri dishes 
(90 mm diameter) containing LB agar medium. A suspension of the test¬ 
ed microorganism (0.1 mL of 10 7 CFU/mL) was spread on the LB agar 
medium. ADL absorbed on sterile paper discs (10 pL per disc with a 
6 mm diameter) was placed on the surface of the previously inoculated 
medium (10 pg per Petri dish). Every dish was incubated at 37 °C for 
24 h, followed by measuring the inhibition zone diameter (expressed 
in mm). The scale of measurement was as follows: >16 mm inhibition 
zone was strongly inhibitory; 11-16 mm inhibition zone was moderate¬ 
ly inhibitory; 7-11 mm was weakly inhibitory; and <7 mm inhibition 
zone was not inhibitory. 

2.10. ADL respiration inhibition test 

E. coli, B. subtilis, C. perfringens, S. aureus and Shewanella sp. were in¬ 
oculated into LB medium and cultured overnight at 36 °C with shaking 
at 120 rpm. The bacteria were collected by centrifugation (4 °C, 20 min, 
1200 g). The pelleted bacterial cells were washed three times in 0.1 M 
PBS, pH 7.4, containing 0.15 M NaCl and diluted in the same PBS to a 
final OD 60 o of 1 .0. 

A solution of 15 mL of PBS, 1 mL of 1% glucose and 1 mL of bacterial 
suspension was stirred vigorously for 5 min in a reactor that was sealed 
with Parafilm. During the respiration inhibition test, each reactor was 
continuously stirred. Dissolved oxygen (DO) was measured with a DO 
probe at 1 min intervals for 10 min (mg 0 2 L -1 ). The controlled respira¬ 
tion rates (Ro) in mg 0 2 L -1 min -1 were determined from the slope of 
the linear portion of the DO vs. time curve (Wang et al., 2008). 

The controlled solution was added either to 100 pL of sodium phos¬ 
phate (50 mg mL -1 ), malonic acid (50 mg mL -1 ), iodoacetic acid 
(50 mg mL -1 ) or ADL (12.5 mg mL -1 ) or to a combination of 100 pL 
of sodium phosphate and 100 pL of ADL, 100 pL of malonic acid and 
100 pL of ADL or 100 pL of iodoacetic acid and 100 pL of ADL. The inhib¬ 
itor respiration rates (RO were determined from the slope of the linear 
portion of the DO vs. time curve. The percent inhibition was obtained 
according to Eq. (1) (against the control average): 

I R = (Ro-Ri)/Ro x 100 (1) 

where R r is the respiration rate of the inhibitor in pmol 0 2 g -1 min -1 ; R 0 
is the control respiration rate in pmol 0 2 g -1 min -1 ; and I R is the respi¬ 
ration rate of the inhibitor against bacteria. 


Superposition of the inhibitory rate was obtained according to 
Eq. (2) (against the typical average): 

Rr = (Rl-Rli)/Rlx100 (2) 

where R L is the respiration rate of ADL in pmol 0 2 g -1 min -1 ; R LI is the 
respiration rate of the combination of typical inhibitors and ADL in 
pmol 0 2 g -1 min -1 ; and R r is the superposition of the inhibitory rate 
(Wang et al., 2008). 

2.11. Test for ADL anti-fungal activity 

The cultivation medium consisted of D-glucose (150 g L -1 ), yeast ex¬ 
tract (5 g L -1 ) and peptone (10 g L -1 ). Cell growth was determined by 
plate counting in some cases. Samples were withdrawn throughout fer¬ 
mentation and diluted appropriately in dilution medium (Bely et al., 
2008). 

Yeast cells grew in 100 mL of cultivation medium to an exponen¬ 
tial phase for 2 h after the number of cells had reached approximate¬ 
ly 6 x 10 6 cells mL -1 . These cells were used to initiate growth in the 
other media used in this study at a 1% v/v inoculum. All ethanol fermen¬ 
tation studies were performed at 150 rpm in rotary-agitated 250 mL Er- 
lenmeyer flasks containing 100 mL of cultivation medium at 29 °C for 
24 h. ADL inhibition was studied in the cultivation medium by adding 
different concentrations (0.0684, 1.171 and 8.55 mg L -1 (w/v)) of 
ADL. Samples were withdrawn at 24 h. After 24 h, 60 pL of cultured so¬ 
lution was removed to measure the OD at 600 nm. 

2.12. Statistical analysis 

Each experiment was performed in triplicate. Values are presented 
as the means ± standard deviation. 

3. Results 

3.1. ADL purification 

For ADL purification, affinity chromatography techniques are the 
most efficient isolation methods. ADL was purified by affinity chroma¬ 
tography on a PSM-crosslinked albumin column. The elution profile is 
presented in Fig. 1 . The specifically bound fraction was eluted with TB 
containing 1.5 M NaCl. ADL was further purified by gel filtration on 
Sephadex G-100 (Fig. 2). The final step of purification was by HPLC on 
a TSK gel G3000 PW X l column (Fig. 3). ADL migrated as a symmetrical 
peak by gel filtration, and the hemagglutination activity was exactly co¬ 
incident with the protein content (data not shown). The purified lectin 
was eluted from the TSK gel G4000 PW X l column at (Ve — Vo) / Vo = 



Fig. 1. Affinity chromatography of the A. davidianus skin secretion on a PSM-crosslinked al¬ 
bumin column (3x11 cm) equilibrated and eluted with TB. The bound fraction was eluted 
with 1.5 M NaCl in TB. 
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Fig. 2. Gel chromatography of ADL on Sephadex G-100 (2.5 x 96 cm). 


4.76 (Fig. 4). The molecular mass of ADL estimated from HPLC had an 
apparent about 68 kDa. 

The ADL was analyzed by SDS-PAGE and found to migrate as a major 
intense band with a relative molecular mass of approximately 17 kDa 
(Fig. 5, lane 1). Reduction with dithiothreitol led to the appearance of 
an 8.5 kDa band (Fig. 5, lane 3). This finding indicates the presence of 
a disulfide bond and two subunits with identical molecular masses. 

The ADL molecular mass was further determined by MALDI-TOF 
mass spectrometry. The ADL spectrum contained peaks corresponding 
to singly charged (M + H) + molecular ions from the subunit at m/z 
8.5 kDa, while the peak at m/z 17 kDa corresponded to the subunit 
dimer (Fig. 6). 

In summary, the molecular mass determination by SDS-PAGE and 
MALDI-TOF mass spectrometry showed that ADL has two subunits 
with a molecular mass of 17 kDa (2 x 8.5 kDa). The ADL N-terminal 
amino acid sequence was determined to be VGYTVGATPM. According 
to the hemagglutination assay, ADL does not require the divalent cat¬ 
ions Ca 2+ and Mg 2+ for lectin activity (data not shown). The ADL lectin 
activity was stable between 4 °C and 50 °C (Fig. 7 A). Significant ADL 
hemagglutination activity was observed between pH 4-5 (Fig. 7 B). 


3.2. Amino acid composition and carbohydrate content 

As shown in Table 1, purified ADL contains relatively high amounts 
of the apolar amino acids Gly, Pro, Val and Leu, and essential proportion 
of polar charged amino acids His, Arg and apolar amino acid Met. The 
total carbohydrate content was 1%. 


3.3. Carbohydrate-binding specificity 

The ADL carbohydrate-binding specificity was examined by a hem¬ 
agglutination inhibition test. The ADL hemagglutination activity was 
not inhibited by any of the monosaccharides or disaccharide examined, 



Fig. 4. Estimation of the ADL molecular mass by HPLC on the TSK gel G4000 PW X l column. 
1, Trypsin (23,300); 2, Albumin egg (45,000); 3, Albumin bovine V (68,000); 4, Rabbit 
muscle phosphorylase B (97,000). 


1 2 kDa 3 4 


17 Da 



^ 97.4 —► 



«— 43.0 —► 
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M — 20.1 



M _ 14.4 * 
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Fig. 5. SDS-PAGE. Lane 1-ADL, Mr -17,000. Lane 2,3-marker proteins: Rabbit phosphory¬ 
lase b (97,400), bovine serum albumin (66,200), rabbit actin (43,000), bovine carbonic 
anhydrase (31,000), trypsin inhibitor (20,100), hen egg white lysozyme (14,400). Lane 
4-ADL treated with dithiothreitol. 


whereas it was inhibited by several glycoproteins (Table 2). Among the 
glycoproteins, asialo-PSM was the most effective inhibitor. 

3.4. Antibacterial activity 

The ADL antibacterial activity results are shown in Table 3. ADL ex¬ 
hibited strong antibacterial activity against E. coli. ADL also exhibited 
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Fig. 3. HPLC of purified ADL on a G3000 PW X l column (7.8 mm x 30 cm). 
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8530.4160 



m/2 


Fig. 6. MALDI-TOF mass spectrum of ADL. The mass spectrum was obtained on a 4800 Proteomics Analyzer time-of-flight mass spectrometer (Applied Biosystems, USA). 


antibacterial activity against Enterobacter aerogenes, S. aureus, B. subdlis 
and Shewanella sp. 

The respiration inhibition of E. coli, E. aerogenes, S. aureus, B. subdlis 
and Shewanella sp. was determined by high-resolution respirometry 
(dissolved oxygen meter 8401, AZ Instrument Corp., Taiwan). Malonic 
acid, iodoacetic acid and sodium phosphate are three typical inhibitors 
of respiratory metabolism and affect the Embden-Meyerhof Pathway 
(EMP), tricarboxylic acid cycle (TCAC) and Hexose Monophosphate 

A 




Fig. 7. General properties of the ADL. The effects of temperature (A) and pH (B) on hem¬ 
agglutination activity. 


Pathway (HMP), respectively (Wang et al., 2008). When two inhibitors 
block different pathways, the superposition of the inhibitory rates in¬ 
creases greatly; however, if they inhibit the same pathway, then the 
rate increase is weak. ADL inhibited the respiration of E. coli, 
E. aerogenes, S. aureus, B. subdlis and Shewanella sp., and the inhibition 
rates are 23.7 ± 4.3%, 13.9 ± 5.5%, 59.2 ± 1.4%, 46.2 ± 0.7% and 
31.8 ± 4.6%, respectively (Table 4). These rates indicated that ADL 
inhibited the growth of S. aureus more than the other four bacteria. 
For E. coli, the inhibitory superposition rates of malonic acid, iodoacetic 
acid and sodium phosphate to ADL were 16.1 ± 1.6%, 69.9 ± 0.5% and 
25.1 d= 1.5%, respectively, which indicted that ADL inhibited the same 
pathway as malonic acid, i.e., TCAC. For E. aerogenes, the inhibitory su¬ 
perposition rates of malonic acid, iodoacetic acid and sodium phosphate 
to ADL were 53.2 ± 3.7%, 80.0 db 0.6% and 6.8 ± 2.5%, respectively, 
which indicted that ADL inhibited the same pathway as sodium phos¬ 
phate, i.e., HMP. For S. aureus, the inhibitory superposition rates of 
malonic acid, iodoacetic acid and sodium phosphate to ADL were 
10.0 =t 2.1%, 58.0 ± 1.7% and 44.0 ± 1.9%, respectively, which indicted 
that ADL inhibited the same pathway as malonic acid, i.e., TCAC. For 
B. subdlis, the inhibitory superposition rates of malonic acid, iodoacetic 
acid and sodium phosphate to ADL were 64.3 ± 1.7%, 41.7 ± 3.3% and 
12.5 =t 2.6%, respectively, which indicted that ADL inhibited the same 
pathway as sodium phosphate, i.e., HMP. For Shewanella sp., the inhibi¬ 
tory superposition rates of malonic acid, iodoacetic acid and sodium 


Table 1 

ADL amino acid composition. 


Amino acid 

Residues/100 

Asx 

4.76 

Thr 

7.05 

Ser 

5.62 

Glx 

5.25 

Pro 

9.02 

Gly 

17.88 

Ala 

4.83 

Val 

7.16 

He 

7.14 

Leu 

8.25 

Tyr 

5.26 

Phe 

5.27 

His 

1.79 

Lys 

7.22 

Arg 

2.07 

Met 

1.32 


Cys, Trp — not determined. 
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Table 2 

Hemagglutination inhibition test with carbohydrates and glycoproteins. 


Carbohydrate and glycoprotein 

Minimum inhibitory concentration 
(mM or pg mL -1 ) 

Carbohydrate (mM) 

D-Glucose 

_ 

D-Galactose 

- 

D-Mannose 

- 

N-acetyl-D-glucosamine 

- 

N-acetyl-D-galactosamine 

- 

Fructose 

- 

Sorbose 

- 

Xylose 

- 

Cellobiose 

- 

Glycoprotein (pg mL^ 1 ) 

Mucin from porcine stomach (PSM) 

0.078 

Asialo-PSM 

0.008 

Thyroglobulin 

- 

Dashes indicate no inhibitory activity at 100 mM monosaccharide. 


Table 3 

ADL antibacterial activity. 

E. coli 

S. aureus 

B. subdlis 

E. aerogenes 

Shewanella sp. 

ADL + + + 

+ + 

+ + 

+ 

+ 

Penicillin + + + 

+ + + 

+ + 

+ + 

+ + 


(-) No activity, ( + ) weak activity is 7-11 mm, ( + + ) moderate activity is 11-16 mm, 
(+ + +) high activity is > 16 mm. 


phosphate to ADL were 31.5 ± 2.9%, 59.2 ± 1.3% and 14.3 ± 3.2%, re¬ 
spectively, which indicted that ADL inhibited the same pathway as sodi¬ 
um phosphate, i.e., HMP. 


3.5. ADL suppresses yeast growth 

To investigate the anti-fungal activity of ADL, its suppressive effect on 
yeast cell growth was examined. The OD 60 o of yeast suspension with dif¬ 
ferent ADL concentrations (0.0684,1.171 and 8.55 mg L -1 (w/v)) was 
obviously different from that of the control (Fig. 8). The number of 
yeast cells declined with increasing concentrations of ADL, indicating 
that this lectin suppresses S. cerevisiae growth. 

4. Discussion 

As sources of lectins, amphibian skin secretions have not been wide¬ 
ly investigated in comparison with other organs (eggs and oocytes). Our 
interest in skin secretion lectins arose from recent reports on the isola¬ 
tion and characterization of two (3-galactoside binding lectins (50 and 
56 kDa) from the skin of B. arenarum that have bacteriostatic activity 
against Gram-negative bacteria (£. coli K124100 and wild strains of 
E. coli and P. morganii ) and Gram-positive bacteria ( E.faecalis ) (Riera 
et al., 2003). Additionally, the L-fucose specific lectin from the skin of an¬ 
other amphibian (0. grahami) has extremely low toxicity and immuno- 
genicity in mice (Li et al., 2008). 

A new lectin secreted from A davidianus skin was isolated by affinity 
chromatography on PSM crosslinked albumin and purified by gel 


o 

o 

CD 


Q 


O 



Concentration of ADL (mg mL' 1 ) 


Fig. 8. ADL growth suppressive activity against yeast cells. 


filtration on Sephadex G-100 and HPLC on TSK gel G3000 PW X l. The mo¬ 
lecular weight of ADL was estimated by SDS-PAGE, HPLC and MALDI- 
TOF mass spectrometry. The results indicate that the native molecular 
weight of ADL is 68 kDa and that it is composed of two identical 
8.5 kDa subunits. The native ADL is a homotetrameric glycoprotein 
that has two identical subunits that are connected with disulfide 
bonds and are organized as a tetramer. Such structural organization is 
very rare, though similar tetrameric structures have been described 
for lectins from the sea worm Serpula vermicularis (Molchanova et al., 
2007), the white shrimp Litopenaeus setiferus (Alpuche et al., 2005) 
and the tropical sponges Aplysina archeri and Aplysina lawnosa 
(Miarons and Fresno, 2000). The ADL hemagglutination activity 
was independent of divalent cations. Significant ADL hemagglutina¬ 
tion activity was observed between pH 4-5. The amino acid composi¬ 
tion differs from that of lectins isolated from the skin mucus of fish, 
where ADL is rich in apolar amino acids, such as Gly, Pro, Val and 
Leu (Tsutsui et al., 2003, 2007). 

The results of the hemagglutination inhibition study suggest that the 
topography of the ADL-combining sites is significantly different from 
other known mucin-binding lectins (Belogortseva et al., 1998a,b; 
Banerjee et al., 2004). Among the native and asialo-glycoproteins tested 
in the hemagglutination inhibition assays, asialo-PSM was the best in¬ 
hibitor. The carbohydrate side chains of PSM are O-glycosidically linked 
through GalNAc to Ser or Thr of the protein core (Gerken et al., 1998). 
There are 12 carbohydrate side chains present, which are composed of 
one to five sugar residues, with Galp.1-3 GalNAc a-O-Ser/Thr as the car¬ 
bohydrate core region. The high PSM potency may be attributed to the 
presence of Galp.1-3 GalNAc a-O-Ser/Thr, where GalNAc is substituted 
at C 3 by a Gal residue. The carbohydrate chain can be masked by N- 
glycolylneuraminic acid or sialic acid (NeuNGl). The inhibitory ability 
of asialo-PSM was 10-fold greater than PSM. Most likely, NeuGl resi¬ 
dues, which have negative charges, interfere with the interaction of 
PSM with ADL. The ADL hemagglutination activity was strongly 


Table 4 

Effect of ADL on bacterial respiration inhibition. Values are means ± SD (n = 3). 


Inhibitor 

E. coli 


E. aerogenes 


S. aureus 


B. subdlis 


Shewanella sp. 


Ir 

Rr 

Ir 

Rr 

Ir 

Rr 

Ir 

Rr 

Ir Rr 


(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) 

(%) (%) 

ADL 

23.7 ± 4.3 


13.9 ± 5.5 


59.2 db 1.4 


46.2 db 0.7 


31.8 db 4.6 

Malonic acid 

61.9 ± 1.1 

16.1 ± 1.6 

89.7 db 1.2 

53.2 ± 3.7 

5.7 db 2.0 

10.0 db 2.1 

62.3 ± 2.4 

64.3 db 1.7 

49.9 ± 3.6 31.5 db 2.9 

Iodoacetic acid 

85.7 ± 0.2 

69.9 ± 0.5 

32.5 db 6.1 

80.0 ± 0.6 

82.8 ± 1.0 

58.0 ± 1.7 

59.6 ± 1.9 

41.7 db 3.3 

33.3 ± 2.4 59.2 db 1.3 

Sodium phosphate 

20.0 ± 1.4 

25.1 ± 1.5 

31.3 db 6.4 

6.8 db 2.5 

8.3 dt 2.9 

44.0 db 1.9 

22.6 db 4.0 

12.5 db 2.6 

22.3 db 3.1 14.3 db 3.2 
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inhibited by PSM bearing mucin-type O-glycans, such as the lectin from 
Crenomytilus grayanus (Belogortseva et al, 1998b) and the lectin from 
the sponge Craniella australiensis (Xiong et al., 2006). 

After the pathway of glucose oxidative metabolism was inhibited, 
the activities necessary for life were interrupted. EMP, TCAC and HMP 
are glucose degradation pathways. TCAC could provide massive energy 
and compounds for the synthesis of other biomacromolecules, such as 
lipids and proteins. ADL inhibited TCAC in £ coli and S. aureus as well 
as HMP in E. aerogenes, Shewanella sp. and B. subtilis. These results are 
consistent with ADL antibacterial activity, i.e. ADL can inhibit E. coli 
and S. aureus more efficiently than E. aerogenes and Shewanella sp. 

Additionally, the inhibitory effect had no relationship with the type 
of bacteria, i.e. Gram-positive or Gram-negative. ADL showed greater in¬ 
hibitory effects on Gram-negative bacteria, such as £ coli, than Gram¬ 
positive bacteria, such as S. aureus and B. subtilis. However, ADL had a 
greater inhibitory effect on Gram-positive bacteria, like S. aureus and 
B. subtilis, than Gram-negative bacteria, like £ aerogenes and Shewanella 
sp. ADL could also suppress yeast cell growth, which suggests that ADL 
is involved in self-defense against fungi and bacteria. 

Microbial infection is the leading cause of disease in A. davidianus 
(Jiang et al., 2011). Through evolution, antimicrobial components, in¬ 
cluding lectins, have given rise to counterparts in microorganisms 
(Li et al., 2008). ADL participates in the A. davidianus host defense. The 
lectin may inhibit the growth of microorganisms in the mucus, some 
of which may serve as a nutrient to the microorganism (Tasumi et al., 
2002). ADL also revealed the A. davidianus immune state. 
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